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Description 

Field of application 

^The presentinvention relates to a mixing assembly for gaseous flows at Different tenperatures. in particular far het- 
InX T^^ 6 "™ 0 ^ ^ S r6aCt0rS COmprisin 9 a P" uralit y 01 superimposed catalytic beds and in which at least 
^one of the beds is provided with a gas permeable wall for outlet of a flow of hot gas, said assembly including: 

MdSSS^ ^ Para " el 10 raid 9aspermeablewal1 witn which 'defines an hollow space for collection 

an annular opening for outlet of said hot gas flow from said hollow space defined between said baffle and a side 
wall supporting said at least one bed associated with the reactor; SK3e 

16 t ann^op 9 ^^ 0 ' ** 3 "°" *** * 8 predetennined fr °"» said 

reJ^^f-vT 6 ? belW ^ '? fo " 0Win9S Cla5mS ' 11,6 term: hot « understood to mean a partially 
taZZwe SiSSS" 0 ° 9ene0US 8ynth6SiS feaCti0n 01 methan01 «** 935 a 'errperature genera? 

of ^JlT^y 'T ^'IH 9 988, iS understood to mean a cooBng gas having a temperature lower than that 

y 938 f™ 9 the bel Usua " y •* 938 consiste 01 a Predetermined part of reagent gas- 

ses ana. again in the case of methanol synthesis, has a temperature generally between 60'C and 200»C 

in the terminology of the field the cooling gas is also indicated by the term 'quench gas" 
„ ac f 7!. k ? 0Wn ' dUtm l performance of 30 exolhermic heterogeneous synthesis reaction it is necessary to cool the hot 

so Prior art 

aJSLJJ PUr 1 P ^ Se ' ^ n eaCt0rS 3SSi9ned to thiS type 01 synthesis are Provided with devices or mixing assemblies 
toSSSd SS£ ST reaCt6d miXtUreS * l0Win9 thf0U9h 3 Sin9 ' e C3talytiC bed 0r between a p,uralitv ^ «!£ 
h-JUl"** examp ! ein f uro Pean patent application EP-A-0359 952 of thisapplicam there is described an exothermic 
S^ff SyntheSfe ' 6aCt0r - in " Wch TO Supported a P ,uralit y oi superimposed catalytic beds in mT 

Sn Sit b8tWe6 " WhiCh are respective assemblies for ime\mediate cooling of the^eac- 

tion products by a flow of quench gas. 

« to ^!?^^ aS ri??^ mPriSeS 3 ba<f ' e 6Xtendin9 below and paral,el to * e 938 Permeable bottom of at least one 
catalytic bed with which .t defines an hollow space for collection of a hot gas flow leaving said at least one bed 

An annular opening for outlet of said hot gas flow from said hollow space is defined between said baffle and the 
side wall of the reactor supporting said at least one bed. 

cooling ^s S flct baf,lG * * predetermined distance from the annu,ar °P enina is supported a perforated distributor for a 

Mixing of the hot synthesis gas flow with a cooling gas flow takes place in the peripheral zone of the reactor near 
the side wall supporting the catalytic beds. 

h.Jf£! °Z hand .S i8 . ty P e °* assembly aflows obtaining a certain degree of mixing of the gaseous flows, on the other 
co^'wiTth^ **** * HOt 93565 and °* 93838 befo ' e enter in 

a „H S^fS"' 1,16 d6ViCe in accordance •» Prior art is not able of correcting and uniforming any local flow rate 
and temperature unevenness of the hot gases leaving said annular opening. 

This local unevenness in flow rate and temperature are due to the fact that the hot gas flow coming from a bed con- 
taining a generally granular catalytic mass is subject to uncontrolled variations in flow rate and. if there are very exten- 
sive so-called catalyst -packing- phenomena, in temperature as well. «yexren 
In other words, the mixing assembly just described does not allow achievement of an optimal degree of hot and 
Sme^^e^gSTot n0r COmpenSa,i0n in ^ inde P en °en* manner for any local flow rate and temperature une- 

^J^t'"* m 1 ™*" d6V !f 65 10 COrreCt these variations results inevi1ably in a "on optimal mixing between the hot 
gases and the cold gases and. consequently, in the formation of temperature differences in the focal flow rates with 
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deviations even over 20°C in the gaseous flow leaving the mixing assembly. 

All this causes reduced conversion yield of the synthesis reactor compared with that theoretically possible. 

-, ; , ^^nfflnrjary of the invention ,,, , fc „.... v ■ 

5 ' 

The technical problem underlying the present invention is to make available a mixing assembly for gaseous flows 
at different temperatures, in particular for heterogeneous exothermic synthesis reactors, allowing achievement of a sub- 
stantially complete and uniform mixing of hot gases and cold gases and capable of independently absorbing any local 
unevenness in the hot gas flow rate. 
10 The problem is solved by an assembly of the type set forth above and characterized in that the hollow space for 
collection of the hot gas flow has a constant thickness in correspondence of the annular opening and in that the ratio of 
the width of said annular opening to said thickness of said hollow space is between 0.2 and 1 . 

In accordance with the present invention it was found that when the thickness of the hollow space is constant in 
correspondence of the annular opening and when the ratio of the width of said annular opening to the thickness of said 
15 hollow space is between the above said values any local unevenness of the hot gas flow leaving said hollow space is 
absorbed since the hot gas flow is subjected to a pressure drop of predetermined magnituda 

The flow rate of the hot gas flow thus redistributed remains uniform for a period of time inversely proportional to the 
above said ratio. . 

This condition is essential for achieving a gaseous flow leaving the mixing assembly with homogeneous tempera- 
te ture, temperature deviations being limited to a few degrees centigrade. 

Said pressure drop to which is subjected the hot gas flow depends on said ratio between the width of said annular 
opening and the thickness of said hollow space and is preferably between 0.5 x 10" 3 bar and 6 x 10* 3 bar, depending 
on the characteristics of the heterogeneous synthesis process. 

In heterogeneous exothermic synthesis reactors of the type considered the thickness of said hollow space depends 
25 on the dimensions of the corresponding catalytic beds and is between a minimum of 60 mm and a maximum of 300 
mm, generally between 120 mm and 180 mm. 

The distributor is preferably of substantially toroidal shape and comprises at least one row of holes mutually spaced 
and pitched, and extending along a generatrix thereof. 

The diameter of the holes of the row or rows of holes must be such as to ensure that the cooling gas jets have both 
30 an entrapment or suction effect on the entire hot gas flow coming from the hollow space above and an optimal pene- 
tration in it The pitch is further defined in such a manner as to ensure a slight interference between the cooling gas jets. 

For this purpose the holes have advantageously a diameter between 5 mm and 1 5 mm while the pitch is preferably 
between 20 mm and 60 mm. 

The choice of the values within the above defined ranges depends on the physical characteristics of the gases to 
35 be mixed, in particular on the ratio between the flow rates of the gaseous flows. 

The above said characteristics of pressure drop, entrainment and penetration allow achievement of an optimal mix- 
ing degree of the hot gases and cold gases immediately downstream of the distributor. 

Depending on the characteristics of the heterogeneous synthesis process, the number of rows and the diameter of 
the holes, and the selected pitch, it is quite easy for those skilled in the art to determine the pressure of the cooling gas 
40 flow in said distributor in order to achieve the desired entrainment effect and penetration described above. 

In a particular and advantageous embodiment of the present mixing assembly, the distributor comprises a first and 
a second row of superimposed holes defining with a horizontal plane passing through the distributor axis an angle 
between -10° and +10° and between -20° and -40°, respectively. 

The second row performs the complete entrainment of the gas flow also comprising the cooling gas injected from 
45 the first row thus obtaining an advantageous further intimate mixing of the gaseous flows. 

It was also found that for optimal mixing of the hot gas with the cooling gas the toroidal distributor preferably must 
not interfere with the hot gas flow coming from the hollow space. 

In this manner it is possible to maintain the pressure downstream of the annular opening uniform and thus to pro- 
mote achievement of a uniform local flow rate of the hot gas flow and also to allow the strong recirculations of said hot 
so gas, which are to be found around the distributor, to reach the holes without excessive local pressure drops. 

In accordance with the present invention the (Sstance between the distributor and the side wall supporting the cat- 
alytic bed or beds is also preferably between 1 and 3 times the width of said annular opening. 

The distance of the distributor from the baffle is preferably between 0.25 and 0.5 times the distance between the 
distributor and the side wall. 

55 Advantageously, the mixing assembly comprises also a deflector or turbulence generator supported below said 
baffle at a distance between 300 mm and 500 mm to promote intimate mixing of the hot gases and cold gases. 

In a particular and advantageous embodiment the deflector comprises a flat portion and a conical portion with the 
conical portion comprising a row of paddles perpendicular thereto and turned towards said baffle so as to impart to the 
mixed gas flow a rotary movement. 
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This rotary movement of the mixed gas permits additional attenuation of any local temperature differences due to 
uneven distnbution of the catalyst in the bed following so-called catalyst -packing- phenomenT 

In accordance with another aspect of the present invention there is also made available a method for mixina aase- 

Z 1 XT T * °^ WB b6dS and in WhiCh at ,eastone 01 ^s is provided with a gaVpSS 
wall for outlet of a hot gas flew, said method comprising the steps of: aafrHwmearae 

• supplying gaseous reagents to said at least one catalytic bed; 

- reacting said gaseous reagents in said at least one catalytic bed; 

- collecting a hot reaction gas flow leaving said gas permeable wall in an hollow space defined between said at least 
one bed and a baffle extending below and parallel thereto; w^neooeween said at least 

* !lS"£ n * e h !!if! , l 0W,h ^ aChieVed 3 C00lin9 S 88 * 1 ^ outgoing at predetermined velocity from a perforated 
distributor supported below said baffle at a predetermined distance from said annular opening ^ 

arKl^abT 81 ^^ 

*JlZ^" g jl * iS ma " nef * e <l0W rate 01 * e hot 9 as,lw, ^^^hollow space is made substantially uni- 

The velocity of the cooling gas flow leaving the distributor must be such as to ensure to the cooling gas jets both of 
W ^ °< ****** 9as «** ^ the overlying hollow space a^cSCS™ 

so different 10 "™ 1 thfe "^"^ * 8 ^ n * dnB 01 the 9aseous f lows free f rom ,ocal temperature 

T^ t SS£l r ^ the r l0Crty ^ 1,16 C00 ' in9 938 ,tow leavin9 881(1 P efforated disfri ^ between 20 and 50 m/s. 
The choice of the values in the range defined above depends on the physical characteristics of the oases to be 
mixed and in particular on the ratio between the flow rates of the gaseous flows 9 t0 

The characteristics and advantages of the present invention are set forth in the description of an embodiment of a 

TaTex^^^ 
Brief descrintinn ^ drawings 
« In the drawings: 

" m£nl ?^'°" 9itUdi !!? Cr0SS 8 ^ i0n viewofan heterogeneous exothermic synthesis reactor incorporating a 
mixing assembly in accordance with the present invention; ^ " 

" Serein 

mWng asseX' o^IgT ""k^ 80316 * detaUS 01 a " a*™* 9 embodime "t of the 
Detailed das^-info™ r* a preferred arnhnrtifn^ 

metrlan F ofsyntheS enCe ' intfiCateS 88 8 Wh °' e hetero99neous synthesis reactor, in particular for 

The reactor 1 comprises a tubular external shell 2 provided above with a nozzle 3 for inlet of reagent gases and 
below with a nozzle 4 for outflow of the reaction products 9 

bv n^?^? ! ?" 5d 'f 0319 L eSP6CtiVe Cat8,ytic beds supported in a mutual, y s P aced relationship in the shell 2 
by means of a tubular beam 7 extending coaxially with the shell. 

Between them, the beds 5a-5c have a bottom comprising a gas permeable wall 6. 
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With reference to FIGS. 1-3, reference sign 9 indicates as a whole a gaseous flow mixing assembly carried out in 
accordance with the present invention. 

The mixing assembly 9 comprises a baffle 10 extending below and parallel to the gas permeable wall 6, for instance 
5a with which it defines an hollow space 1 1 for collection of the partially reacted hot gasftow^ 
5 Between the baffle 10 and the inner wall of the shell 2 is defined an annular opening 12 for outlet of said gas flow 
A from the hollow space 11. 

A perforated distributor 13 of a cooling gas flow B Is supported below said baffle 10 at a predetermined distance 
from said annular opening. The distributor 13 has a substantially toroidal shape and comprises two rows of holes 14 
spaced and pitched and extending along a generatrix thereof. 
10 In a preferred embodiment the holes 14 of the distributor 13 have a diameter between 6 mm and 12 mm, and the 
pitch between two adjacent holes of the two rows of holes 14 is between 20 mm and 60 mm. 

The two rows define with a horizontal plan passing through the axis of the distributor 1 3 an angle 6 between +1 0° 
and -20°, respectively. 

The pitch and diameter of the holes 14 mentioned above ensure the cooling gas flow B optimal penetration and 
is suction of all the hot gas flow A coming from the hollow space 1 1 . 

Preferably, the width b of the opening 12 is between 24 mm and 180 mm, the distance c between the distributor 13 
and the inner wall of the shell 2 is between 1 .5 and 2.5 b, and the distance d between the distributor 13 and the baffle 
1 0 is between 0.25 fc and 0.4 c. 

In the example shown in FIG. 3 the mixing assembly 9 comprises a deflector 1 5 consisting of a flat portion 1 5* and 
20 a conical portion 15" of variable length supported below the baffle 10. preferably at a distance between 350 mm and 
450 mm to promote recirculation of the flows A and B and their intimate contact. 

The angle of inclination of the conical surface 15" in relation to the fiat surface 15* is preferably less than 45°. 
Advantageously, the conical portion of the deflector 15 comprises a row of paddles 16 perpendicular thereto and 
turned towards the baffle 10 to attenuate any local gaseous flow temperature differences. 
25 In an alternative embodiment not shown the deflector 1 5 can comprise at least three portions of variable length and 
with angles to the horizontal plane between 0° and 90°, e.g. three portions with angles of 0°, 25° and 90° respectively. 

By means of the mixing assembly 9 described above the mixing method of the present invention is carried out 
between consecutive catalytic beds of the reactor, for instance between the beds 5a-5b, in the following manner. 
In a first step the gaseous reagents are supplied to the bed 5a provided with gas permeable wall 6, where they 
so react partially. 

In a second step the flow A of hot gas leaving said gas permeable wall 6 is collected in the hollow space 1 1 defined 
between the bed 5a and the baffle 10 extending below and parallel thereto. 

In a third step the flow rate of the hot gas flow A leaving said hollow space 1 1 is made as uniform as possible along 
the entire periphery of the baffle 10 by subjecting said flow A to a pressure drop of predetermined magnitude. 
35 The value of the pressure drop is advantageously between 2.5 x 10' 3 bar and 4 x 1 0* 3 bar. 

In a fourth step a cooling gas flow B outgoing at predetermined velocity from the distributor 13 is injected into the 
hot gas flow A with uniform flow rate coming from the hollow space 11. 

Preferably, the velocity of the cooling gas flow B from the distributor 13 is between 28 and 45 m/s. 
In this way, it is possible to achieve in an efficient manner a mixed gas flow A-B downstream of the distributor 13 
40 substantially free of radial temperature gradients. 

The mixing assembly and method of the present invention are advantageously applicable also in reactors carrying 
out heterogeneous synthesis reactions of different kinds such as e.g. ammonia synthesis. In this case, inside the exter- 
nal shell, a cartridge is also provided supporting the catalytic beds. 

The mixing assembly is provided between two consecutive catalytic beds inside the cartridge in a manner quite 
45 similar to the example of the methanol synthesis reactor shown in FIG. 1 . 

EXAMPLE 1 

The ability to compensate for locaJ variations in the flow rate of hot gas. in a mixing assembly according to the 
so annexed FIG. 3 and in a mixing assembly according to the European patent application EP-A-0 359 952, was simulated 
by means of a fluid dynamics simulation program known by the name "Fluent" marketed by Fluent Europe Ltd of Shef- 
field. UK. 

In the following Tables I and II are compared the local temperature differences of the mixed gas flow A-B leaving 
said mixing assemblies. 

55 In both cases the temperatures indicated in Table II refer to the temperature of the gaseous flow A-B at five different 
sampling points arranged downstream of the deflector and equally spaced along a semicircumference with radius equal 
to half the radius of the reactor or of the mixing assembly. 

To simulate local flow rate deviations, a point value equal to 50% of that assumed under stationary and constant 
operating conditions was imposed on the hot gas flow leaving the hollow space. e.g. in correspondence of the central 
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sampling point 

With said simulation program the temperatures of the mixed gas flow at each sampling point were determined. 



s \ _ ' * '•' - ••• ' Table I 





Data 


EP-A-0 359 952 


invention 




Hollow spac? 






10 


Thickness (mm) 


160 


160 


annular opening b (mm) 


200 


80 




Distributor 








Distance c (mm) 


160 


160 


15 


Distance d (mm) 


10 


40 




No. holes rows 


3 






Holes diameter (mm) 


16 


7 


20 


Holes pitch (mm) 


150 


50 




Gas flow A 








Temperature (°C) 


267 


267 




Row rate (average) (nr^/s) 


7.05 


7.05 


25 


Gas flow B 








Temperature (°C) 


57 


57 




Distributor outlet pressure (bar) 


82.7 


82.7 


30 


Flow rate (nPfs) 


0.684 


0.684 




Pressure plropp 








Hollow space outlet (mm H 2 0) 


2.0 


32 
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Sampling points 
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2 


3 


4 
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Invention 












Mixed gas flow A-B temperature (°C) 


239 


237 


236 


237 


239 
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Mixed gas flow A-B temperature (°C) 


240 


240 


219 


240 


240 
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As may be seen in Table II the mixing assembly in accordance with the present invention allows achievement of 
optimal m.xmg of the gas flows even in the presence of deviations from the local flow rates of the gas leaving the hollow 
space, contrary to that allowed by the prior art. y 

Rom the foregoing there emerge clearly the numerous advantages achieved by the mixing assembly of the present 
if ivsi won . 

- optimal mixing degr e between gaseous flows having different temperatures; 

- ability to compensate for possible local variations in the hot gas flow rate and hence ability to maintain the mixing 
conditions constant; 
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- ability to further increase conversion yield of the heterogeneous exothermic synthesis reactor. 
Claims 

s 1 . Mixing assembly for gaseous flows at different temperatures, in particular for heterogeneous exothermic synthesis 
reactors comprising a plurality of superimposed catalytic beds (5a-5d) and in which at least one of the beds (5a). is 
provided with a gas permeable wall (6) for outlet of a hot gas flow (A), said assembly including: 

- a baffle (10) extending below and parallel to said gas permeable wall (6) with which it defines an hollow space 
10 (1 1 ) for collection of the hot gas flow (A); 

- an annular opening (12) for outlet of said hot gas flow (A) from said hollow space (11) defined between said 
baffle (10) and a side wall (2) supporting said at least one bed (5a) associated with the reactor; 

is - a perforated distributor (1 3) of a cooling gas flow (B) supported below said baffle (1 0) at a predetermined dis- 
tance from said annular opening (12), 

characterized ia that said hollow space (1 1) for collection of the hot gas flow (A) has a constant thickness in corre- 
spondence of said annular opening (1 2) and in that the ratio of the width (b) of said annular opening and the thick- 
20 ness of said hollow space is between 0.2 and 1. 

2. Mixing assembly according to claim 1 characterized in that said distributor (13) is of substantially toroidal shape 
and comprises at least one row of holes (1 4) mutually spaced and pitched and extending along a generatrix thereof. 

25 3. Mixing assembly according to claim 2 characterized in that said holes (1 4) have a diameter between 5 mm and i 5 
mm. 



4. Mixing assembly according to claim 2 characterized in that the pitch between two adjacent holes (14) of said at 
least one row of holes (14) is between 20 mm and 60 mm. 

30 

5, Mixing assembly according to claim 2 characterized in that the distributor (13) comprises a first and a second row 
of superimposed holes (14), said first and second rows defining with a horizontal plane passing through the distrib- 
utor axis an angle (6) between -10° and +10° and between -20° and -40°, respectively. 

35 6. Mixing assembly according to claim 1 characterized in that the value of the distance (c) between said distributor 
(13) and said side wall (2) supporting said at least one bed (5a) is between 1 and 3 times the width (b) of said annu- 
lar opening (12). 

7- Mixing assembly according to claim 6 characterized in that the value of the distance (d) of said distributor (13) from 
40 said baffle (10) is between 0.25 and 0.5 times the distance (c) between said distributor (13) and said side wall (2). 

8. Mixing assembly according to claim 1 characterized in that it comprises additionally a deflector (15) supported 
below said baffle (1 0) at a distance (e) between 300 mm and 500 mm. 

45 9. Mixing assembly according to claim 8 characterized in that said baffle (15) comprises a flat portion (15*) and a con- 
ical portion (15"). 

10. Mixing assembly according to claim 8 characterized in that said deflector comprises additionally a plurality of pad- 
dles (1 6) extending perpendicularly from said conical portion (15"). 

50 

11. Method for mixing gaseous flows at different temperatures, in particular in heterogeneous exothermic synthesis 
reactors of the type comprising a plurality of superimposed catalytic beds (5a-5d) and in which at least one of the 
beds (5a) is provided with a gas permeable wall (6) for outlet of a hot gas flow (A), said method comprising the 
steps of: 

55 

- supplying gaseous reagents to said at least one bed (5a); 

- reacting said gaseous reagents in said at least one bed (5a); 
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- collecting a hot reaction gas flow (A) leaving said gas permeable wall (6) in an hollow space (1 1) defined 
between said at least one bed (5a) and a baffle (10) extending below and parallel thereto; 

- . ;< W??J| 1e,! ^ rate <* no » 9as flow (A) leaving said hollow space (11) by subjecting saidllow to a pres- 
sure drop of predetermined magnitude; :«yfti*«» 

" ' ni !? n ?J? I! 5! S3S ,!l? W (A) * us obtained a 000,n 8 S 38 f low < B > at predetermined velocity from a 

perforated distributor (13) supported below said baffle (10) at a predetermined distance from said annular 
opening (12). 

1 *" ^S^^^^l^^^^^^ in *" the value of the pressure drop * *• flas ,tow w fe 

1 3. Mixing method according to daim 1 2 characterized in that the value of said pressure drop is between 2.5 x 1 0" 3 bar 
and 4x10 bar. 

1 4 ' JI2X h 6 ! , -?/^ in9 K t l C,aim 1 1 cnaracterized in tha * *e velocity of the cooling gas flow (B) leaving said per- 
forated distributor (13) is between 20 and 50 m/s. 

1 5. Heterogeneous exothermic synthesis reactor with high yield comprising: 

- a shell (2); 

- a plurality of superimposed catalytic beds (5a-5d) extending in said shell (2) in mutually spaced relationship 
each of said beds being provided with a gas permeable wall (6r6')for gas outlet, 

dahnffto^o'" th3t H ^P" 565 behwee " 31 ,east tw0 of beds l 5 *' 5 ® a according to any of 

Patentanspruche 

1. Mischvorrichtung fur Gasstrflme mil verschiedenen Temperaturen, insbesondere fur Reaktoren fOr eine hetero- 
gene exothermische Synthese. welche mehrere ubereinander angeordnete Katalysatorbetten (5a-5d) aufweisen 
und be. denen zummdest eines der Katalysatorbetten (5a) mit einer gasdurchlassigen Wand (6) for den AuslaB 
ernes Stromes von heiBem Gas (A) versehen ist. wobei die Vorrichtung umfaBt: 

- eine Umlenkeinrichlung (10). welche sich untemalb der gasdurchlassigen Wand (6) parallel zu dieser erstreckt 1 
und mit dieser emen Hohlraum (1 1) zum Sammeln des Stroms von heiBem Gas (A) festiegt 

- eine ringfOrmige Off nung (1 2) zum AuslaB des Stroms von heiBem Gas (A) aus dem Hohlraum (1 1 ) welche 
zwrschen der Umlenkeinrichtung (10) und einer Seitenwand (2) festgelegt ist, welche zumindest ein dem 
Reaktor zugeordnetes Katalysatorbett (5a) tragt, 

- einen perforierten Verteiler (13) for einen KOWgasstrom (B). welcher untemalb der Umlenkeinrichtung (1 0) in 
ei nem voibestimmten Abstand von der ringfOrmigen Offnung (12) gehatten ist, 

dadurch gekennzeichnet. daB der Hohlraum (11) zum Sammeln des Stroms von heiBem Gas (A) eine konstante 
Dicke entsprechend der ringfdrmigen Offnung (12) aufweist und daB das Verhaftnis zwischen der Breite (b) der 
ringfOrmigen Offnung und der Dicke des Hohlraums zwischen 0.2 und 1 liegt. 

2. Mischvonichtung nach Anspruch 1 . dadurch gekennzeichnet. daB der Verteiler (13) im wesentlichen torusformig 
ist und zumindest eine Reihe von Lflchern (14) aufweist. die mit einem Zwischenraum zueinander und mit einem 
Abstand angeordnet sind und entlang einer Generatrix desselben angeordnet sind. 

3. Mischvomchtung nach Anspruch 2. dadurch gekennzeichnet, daB die LOcher (14) einen Durchmesser zwischen 5 
mm und 1 5 mm aufweisen. 

4. Mischvorrichtung nach Anspruch 2, dadurch gekennz ichnet daB der Abstand zwischen zwei benachbarten 
Lflchern (1 4) der zumindest einen Reihe von Lcchern (1 4) zwischen 20 mm und 60 mm liegt. 

5. Mischvomchtung nach Anspruch 2. dadurch gekennzeichnet. daB der Verteiler (13) eine erste und eine zweite 
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Reihe von Qbereinander angeordneten LGchern (14) aufweist wobei die erste und zweite Reihe mit einer horizon- 
talen Ebene, welche durch die Achse des Verteilers lauft einen Winkel (6) zwischen -10° und +10° bzw. -20° und 
-40° festlegen. 

5 6. Mischvorrichtung nach Anspruch 1 , dadurch gekennzeichnet daB der Wert des Abstandes (c) zwischen dem Ver- 
teiler (13) und der Seitenwand (2), welche zumindest ein Katalysatofbetl (5a) tragt, zwischen dem Enfachen und 
Dreifachen der Breite (b) der ringfOrmigen Offnung (12) liegt 

7. Mischvorrichtung nach Anspruch 6, dadurch gekennzeichnet, daB der Wert des Abstandes (d) des Verteilers (1 3) 
w von der Umienkeiruichtung (1 0) zwischen dem 0.25-fachen und 0,5-fachen des Abstandes (c) zwischen dem Ver- 

teiler (13) und der Seitenwand (2) liegt. 

8. Mischvorrichtung nach Anspruch 1, dadurch gekennzeichnet daB sie weiterhin eine Ablenkeinrichtung (15) auf- 
weist, welche unterhalb der Umlenkeinrichtung (10) in einem Abstand (e) zwischen 300 mm und 500 mm gehalten 

ist. 

9. Mischvorrichtung nach Anspruch 8, dadurch gekennzeichnet, daB die Umlenkeinrichtung (15) einen flachen 
Abschnitt (1 5^ und einen konischen Abschnitt (15") aufweist 

20 10. Mischvorrichtung nach Anspruch 8, dadurch gekennzeichnet, daB die Ablenkeinrichtung zusatzlich mehrere 
Schaufeln (16) aufweist welche sich orthogonal von dem konischen Abschnitt (15") weg erstrecken. 

11. Verfahren zum Mischen von GasstrGmen mit verschiedenen Temperaturen, insbesondere in Reaktoren fur eine 
heterogene exothermische Synth ese eines Typs, welcher mehrere Qbereinander angeordnete Katalysatorbetten 

25 (5a-5d) aufweist und bei dem zumindest eines der Katalysatorbetten (5a) mit einer gasdurchiassigen Wand (6) for 
den AuslaB eines Stroms von heiBem Gas (A) versehen ist, wobei das Verlahren die folgenden Schritte umfaBt: 

- Zufuhren von gasfOrrnigen Reagenzien zu dem zumindest einen Katalysatorbett (5a) 
Reagierenlassen der gasfflrmigen Reagenzien in dem zumindest einen Katalysatorbett (5a) 

30 - Sammeln des Stroms von heiBem Reaktionsgas (A), welcher aus der gasdurchiassigen Wand (6) austritt in 
einem Hohlraum (11), welcher zwischen dem zumindest einen Katalysatorbett (5a) und einer Umlenkeinrich- 
tung (10) festgelegt ist, die sich darunter parallel zu diesem erstreckt, 

- VergleichmaBigen der StrOmungsrate des Stroms von heiBem Gas (A), welcher den Hohlraum (1 1) veriaBt, 
durch Unterziehen des Stroms unter einen Druckabfall vorbestimmter GrOBe, 

35 - Einleiten eines Kuhlgasstroms (E), welcher mit einer vorbestimmten Geschwindigkeit aus einem perforierten 
Verteiler (13) austritt. der unterhato der Umlenkeinrichtung (10) in einem vorbestimmten Abstand von der ring- 
fSrmigen Offnung (12) gehalten ist, in den so gewormenen Strom von heiBem Gas (A). 

12. Mischverfahren nach Anspruch 1 1, dadurch gekennzeichnet daB der Wert des Druckabfalls des Stroms von hei- 
40 Bern Gas (A) zwischen 0,5 • 10" 3 bar und 6 • 10~ 3 bar liegt. 

13. Mischverfahren nach Anspruch 12, dadurch gekennzeichnet, daB der Wert des Druckabfalls zwischen 2,5 • 10" 3 
bar und 4 • 10" 3 bar liegt. 

45 14. Mischverfahren nach Anspruch 11, dadurch gekennzeichnet. daB die Geschwindigkeit des KOhlgasstroms (B), 
welcher den perforierten Verteiler (13) veriaBt, zwischen 20 m/s und 50 m/s liegt. 

15. Reaktor fur eine heterogene exothermische Synthese mit hoher Ausbeute. welcher umfaBt: 

so - eine HQIle (2), 

- mehrere Qbereinander angeordnete Katalysatorbetten (5a-5d). welche sich in der HOIIe (2) mit Abstand zuein- 
ander erstrecken, wobei jedes der Katalysatorbetten mit einer gasdurchiassigen Wand (6-60 fQr den AuslaB 

^ von Gas versehen ist 

55 dadurch gekennzeichnet, daB er zwischen mindestens zwei der Katalysatorbetten (5a-5b) eine Mischvorrichtung 
nach einem der AnsprQche 1 bis 10 aufweist. 
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Revendications 



- une chicane (10) qui s'etend au<iessous de ladite paroi (6) permeable aux gaz Darallelement a h^a 
avec laquelle e»e del inH un espace creux (1 1 ) pouVrUjlKr hltedeSSK!^ *^ W> 

- une overture anmiaire (1 2) pour permettre rechappement dudH flux dVgaz chaud (A) deouis Peso** „ 
(n^eentreladrtec^caneOO^ 

- un distributeur perfore (13) d'un flux de gaz refroidisseur (B). supporte au-dessous de ladite rhi^nn «r« * 
uned lS fance predeterminee de ladite ouverture annulaire (12) au - flessou s de ladrte ch.cane (10). a 

ladite ouverfure annulaire et ^27^ «TZ ^se^X et 7°°* "** * ^ W * 

2. Ensemble de melange selon la revendicafion 1. caracterise en ce que ledit distributeur (13) est ^nsM^n* 
forme de tore et comprend au moins une rangee de trous (1 4) ecartes Tlesuna d«*S~ 2i? ™ rt 
qui s'6tendentle long d'une de ses generatrioe. Sll4, ' uns des autres, selon un certain pas, et 

SS^SS 66,0,1 ^ rWendiCat '° n 2> C3raCt6riS6 en Ce que ,esdite < 14 > « un diametre compris 

4 -S^^r 0 i^ 

9 - uteSe^O ™ 8 ' " CS ^ « M ^ une partie 

10 ' SK^'^SS s^Vr^ 0 " e " ce *• ^.ecteur comprend en outre une p!u- 

raiiie a aiiettes (16) qui s etendent perpendiculairement a ladite partie conique (16). 

- envoyer des reactifs gazeux dans ledit au moins un lit (5a)- 

- faire reagir lesdits reactifs gazeux dans ledit au moins un lit (5a)- 

- ^'"'""^degazderea^ 
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(11) d£fini entre ledit au moins un lit (5a) et une chicane (10) qui s'£tend au-dessous et qui lui est parall≤ 

- umformiser fe debit du flux de gaz chaud (A) qu'rttant ledit espace creux (1 1) en soumettant ledit flux & une 
chute de pression dime magnitude pr6d6termin£e ; 

- injecter dans le flux de gaz chaud (A) ainsi obtenu un flux d gaz refroidissarrt (B) sortarrt & une vitesse pr6d6- 
termin6e d*un distributeur perform (1 3), supports au-dessous de ladrte chicane (1 0) & une distance pr6d6termi- 
n6e de ladite ouverture annulaire (12). 

1 2. Proc6d6 de melange selon la revendication 1 1 , caract§ris6 en ce que la valeur de la chute de pression du flux de 
gaz chaud (A) est comprise entre 0,5 x 10" 3 bar et 6 x 10* 3 bar. 

1 3. Proc6d6 de m&ange selon la revendication 1 2. caract£ris6 en ce que la valeur de ladite chute de pression est com- 
prise entre 2,5 x 10" 3 bar et 4 x 10" 3 bar. 

14. Proc6d6 de melange selon la revendication 11, caract6ris6 en ce que la vitesse du flux de gaz refroidisseur (B) 
quittant ledit distributeur perform (1 3) est comprise entre 20 et 50 m/s. 

1 5. R6acteur k haut rendement pour synthase exothermique hetGrog&ie, comprenant : 

un carter (2); 

- une plurality de Tits catalytiques superposes (5a-5d) s'6tendant dans ledit carter (2), en relation d'6cartement 
mutuel, chacun descfrts IHs <§tant muni d'une paroi (6*6*) permeable aux gaz pour permettre i'£chappemerrt du 
gaz, 

caracteris6 en ce qull comprend, entre au moins deux desdits lits (5a-5d), un ensemble de melange selon 
Tune quelconque des revendications 1 & 10. 
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FIG. 1 
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FIG. - 2 
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